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ABSTRACT 

Colletotrichum  gloeosporioides  is  an  anthracnose  causing  fungal  pathogen  of  various  fruits  and  vegetables  and 
causes  both  pre  and  post  harvest  losses  to  crops  leading  to  huge  losses  to  farmers.  In  order  to  check  the  prevalence  of 
C.  gloeosporioides  infecting  fruit  crops  (Apple,  Guava,  Kiwi,  and  mango)  of  Himachal  Pradesh,  it  was  isolated  and 
checked  for  morphological  variations  and  pathogenicity.  The  guava  isolate  of  Dhaula  kuan  showed  same  morphology  in 
term  of  growth  and  sporulation  with  standard  strain  of  guava  procured  from  IMTECH  Chandigarh.  The  kiwi  isolate  of 
Solan  and  mango  isolate  of  Dhaula  Kuan  showed  same  morphology  in  term  of  growth  and  sporulation  with  each  other. 
But  apple  isolate  of  Shimla  was  different  in  morphology  (slow  growth  and  less  number  of  spores)  from  other  isolates.  Oat 
meal  agar  media  was  found  to  be  best  media  for  sporulation  of  C.  gloeosporioides  out  of  other  tested  media  such  as:  Potato 
dextrose  agar,  Lima  bean  agar.  Malt  extract  agar.  Pathogenesis  assay  of  C.  gloeosporioides  (standard  isolate  from 
IMTECH,  Chandigarh)  was  done  to  check  the  virulence.  The  isolate  was  found  to  be  pathogenic  to  all  the  fruits  and  their 
detached  leaves  tested. 
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INTRODUCTION 

C.  gloeosporioides  proposed  for  the  first  time  as  Vermicularia  gloeosporioides  (Penzig,  1882)  is  now  widely 
distributed  and  common  plant  pathogen  in  the  world  (Sutton,  1992;  Cannon  et  al.,  2002).  It  was  found  to  be  more  abundant 
in  tropical  and  subtropical  regions  than  in  temperate  (cab  international  2005).  It  infects  about  470  different  host  genera  and 
causes  both  pre  and  post-harvest  problems  (Prusky  et  al.,  1992)  and  also  act  as  endophytic  strains  which  was  isolated  from 
symptomless  plant  parts  (Cannon  et  al.,  2002;  Lu  et  al.,  2004;  Photita  et  al.,  2004;  Photita  et  al.,  2005).  Von  Arx  (1957) 
reported  more  than  600  synonyms  of  C.  gloeosporioides  showed  many  morphological  and  physiological  variations.  Palo 
(1932)  described  the  morphology  of  the  fungus  and  found  that  the  spores  were  irregular  and  appear  as  brown  to  black  dots. 
The  acervuli  were  highly  variable  in  size,  shape  and  exude  pink  masses  of  conidia  when  mature  under  moist  conditions 
(Sattar  et  al.,  1939). 

Anthracnose  is  a disease  of  the  foliage,  stems,  or  fruits  that  typically  appear  as  dark-coloured  spots  or  sunken 
lesions  with  a slightly  raised  rim  (www.infonet-biodivision.org).  C.  gloeosporioides  causes  anthracnose  disease  on  a wide 
variety  of  fruits,  including  almond,  avocado,  apple,  Arabica  coffee,  guava,  mango,  strawberry,  papaya,  banana,  passion 
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fruit,  citrus,  grapes  and  cashews  (Simmonds,  1965;  Hartill,  1992;  Alahakoon  et  al.,  1994;  Timmer  et  al.,  1998;  Agwana 
et  al.,  1997;  Freeman  et  al.,  1998;  Martinez-  Culebras  et  al.,  2003;  Sanders  and  Korsten,  2003;  Xiao  et  al.,  2004;  Amusa 
et  al.,  2005;  Nelson,  2008).  This  disease  is  favored  by  wet,  humid,  warm  conditions  and  spread  by  infected  seeds,  rain 
splash  and  moist  winds.  In  this  disease  lesion  appears  on  stolon  and  petioles.  With  age  these  lesions  become  dark  and 
finally  produced  concentric  ring  pattern  (Ponte,  1996;  infonet-biovision.com). 

C.  gloeosporioides  involves  hemibiotrophic  mode  of  infection  where  both  biotrophic  and  necrotrophic  phases 
occur  sequentially.  In  biotrophic  phase,  infection  vesicles  and  primary  hyphae  are  formed  and  secondary  hyphae  developed 
and  spread  to  kill  the  host  cell  in  necrotrophic  phase. 

C.  gloeosporioides  requires  optimum  temperature  of  25-28  C,  pH  range  of  5. 8-6. 5 and  high  humidity  for  better 
growth.  This  pathogen  is  inactive  in  dry  season  and  switches  to  active  stages  when  encountered  favorable  environmental 
conditions. 

From  Himachal  Pradesh,  C.  gloeosporioides  was  first  reported  from  bell  pepper  (capsicum  annuum)  in  2005, 
2006  (Gupta  et  al.,  2009)  and  has  not  been  reported  from  other  fruit  and  vegetable  crops.  In  the  present  investigation  an 
attempt  was  made  to  know  the  prevalence  and  morphological  variations  of  C.  gloeosporioides  in  various  fruits. 
Pathogenicity  of  guava  isolate  of  C.  gloeosporioides  was  also  studied  to  access  its  potential  of  causing  symptoms  to 
different  crops  and  fruits. 

MATERIALS  AND  METHODS 

a)  Isolation,  Purification  and  Maintenance  of  Culture:  Isolation  of  C.  gloeosporioides  was  done  from  collected 
leaves  samples  of  various  orchids  of  H.P.  by  the  method  described  by  Choi  et  al.,  (1992).  The  collected  leaves 
were  washed  and  cut  down  into  small  pieces.  Sterilization  was  done  using  0.1%  mercuric  chloride  and  washed 
with  autoclaved  distilled  water  for  2-3  times  (5  min  each).  Then  sterilized  leaves  were  wounded  with  scalpel  blade 
and  placed  on  pre  poured  PDA  plates  and  incubation  done  at  25°C  for  3-4  days.  The  fungal  colonies  which  looked 
like  C.  gloeosporioides  were  transferred  to  fresh  PDA  plates.  All  cultures  were  single  spored  to  get  pure  colony 
by  sub  culturing  the  spores  on  PDA  plates  and  maintained  as  glycerol  stock  in  -80°C  freezer. 

b)  Morphological  and  sporuLation  Study  on  Different  Media:  For  morphological  study,  PDA  media  was  used 
and  sporulation  of  C.  gloeosporioides  was  tested  on  four  different  media  such  as:  PDA  (Potato  dextrose  agar) 
(39g  potato  dextrose  agar  in  1000ml  distilled  water);  Oat  meal  agar  (30  g powdered  oat  meal,  20g  agar,  1000ml 
distilled  water);  malt  extract  agar  (30g  malt  extract,  5.0g  mycological  peptone,  15g  agar,  1000ml  distilled  water); 
lima  bean  agar  (23g  lima  bean  agar  in  1000ml  distilled  water).  These  media  were  prepared  and  sterilized  and 
plates  were  prepared.  For  each  experiment,  four  petridishes  were  taken  as  replicates.  The  inoculation  on  each 
media  was  done  using  15days  old  culture  of  C.  gloeosporioides.  After  inoculation,  all  plates  were  incubated  at 
25°C  for  4-5  days.  Spores  were  counted  under  microscope  using  haemocytometer.  Photographs  were  taken  and 
analyzed  for  both  experiments. 

c)  Pathogenesis  Assay:  Pathogenesis  assay  was  done  on  various  detached  leaves  and  fruits.  The  C.  gloeosporioides 
was  inoculated  on  oat  meal  agar  media  using  15  days  old  culture  of  C.  gloeosporioides  and  plates  were  incubated 
at  25°C  for  4-5  days.  Spores  were  harvested  in  autoclaved  water.  The  spore  suspension  of  106spores/ml  was 
prepared  using  haemocytometer.  lOpl  of  spore  suspension  was  used  to  inoculate  detached  leaves  and  fruits. 
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The  inoculated  samples  were  incubated  in  humid  box  at  room  temperature.  Inoculated  samples  were  observed 
periodically  for  the  development  of  symptoms  and  photographs  were  taken. 

RESULTS 

Four  Colletotrichum  gloeosporioides  isolates  were  successfully  isolated  from  leaf  samples  of  Guava  collected 
form  Dhaula  Kuan  (Figure  la);  Mango  leaves  collected  from  Dhaula  Kuan  (Figure  lb);  Kiwi  leaves  collected  from  Solan 
(Figure  lc);  Apple  leaves  collected  from  Shimla  (Figure  Id).  Guava  isolate  of  C.  gloeosporioides  (MTCC  No.  4618)  was 
also  procured  from  IMTECH  Chandigarh  and  was  included  as  control  in  various  experiments. 

• Morphological  Study:  The  guava  isolate  of  Dhaula  kuan  (Figure  la)  showed  same  morphology  in  term  of  growth 
and  sporulation  with  standard  strain  of  guava  procured  from  IMTECH  Chandigarh  (Figure  le).  The  kiwi  isolate  of 
Solan  (Figure  lc)  and  mango  isolate  (Figure  lb)  of  Dhaula  Kuan  were  showed  same  morphology  in  term  of 
growth  and  sporulation  with  each  other.  But  apple  isolate  of  Shimla  (Figure  Id)  was  different  in  morphology  from 
other  isolates.  The  growth  and  number  of  spores  where  were  very  less  as  compared  to  other  isolates. 


“)  b)  c)  d)  e) 

Figure  1:  Morphology  of  Different  Collected  Isolates  on  PDA  Plates  a)  Guava  Isolate  from  Dhaula  Kuan  b)  Mango 
Isolate  from  Dhaula  Kuan  c)  Kiwi  Isolate  from  Solan  d)  Apple  Isolate  from  Shimla  e)  Standard  Guava  Strain  from 

IMTECH  Chandigarh 

• Sporulation  Study:  Sporulation  study  was  conducted  using  various  media  reported  for  growth  and  sporulation  of 
C.  gloeosporioides.  The  maximum  sporulation  of  C.  gloeosporioides  (standard  strain  MTCC  4618)  was  obtained 
on  oat  meal  agar  (Figure  2d)  as  compared  to  PDA  (potato  dextrose  agar)  (Figure  2a),  malt  extract  agar  (Figure  2b) 
and  lima  bean  agar  (Figure  2c).  Similar  results  were  also  observed  for  all  the  isolates  collected  from  various  crops 
(data  not  shown). 


a)  b)  c)  d) 

Figure  2:  Sporulation  Study  Colletotrichum  gloeosporioides  Standard  Strain  on  Different  Media  Plates  a)  PDA 
b)  Malt  Extract  Agar  c)  Lima  Bean  Agar  d)  Oat  Meal  Agar 

• Pathogenesis  Assay:  Pathogenicity  assay  was  performed  on  various  fruits  namely  apple,  banana,  orange,  guava 

and  on  the  detached  leaves  of  various  fruits  namely  apple,  guava,  kiwi,  mango  and  peach.  All  inoculated  leaves 


www.tjprc.org 


editor@tjprc.org 


134 


Meenakshi  Sharma  & Saurabh  Kulshrestha 


and  fruit  pieces  showed  grey,  black  necrotic  lesions  along  with  aerial  growth  after  5-7  days  of  inoculation. 
Maximum  pathogenicity  was  observed  in  case  of  kiwi  leaf  (Figure  3c)  followed  by  apple  leaf  (Figure  3a),  peach 
leaf  (Figure  3e),  guava  leaf  (Figure  3b)  and  minimum  pathogenicity  was  observed  in  case  of  mango  leaf 
(Figure  3d).  In  case  of  pathogenicity  on  fruits,  maximum  pathogenicity  in  terms  of  necrotic  lesion  on  the  surface 
and  aerial  growth  of  mycelium  was  observed  on  banana  both  on  outer  and  inner  surface  (Figure  4b;  Figure  5b), 
followed  by  orange  (Figure  4c;  Figure  5c)  and  apple  (Figure  4a;  Figure  5a).  Minimum  pathogenicity  was  observed 
in  case  of  guava  (Figure  4d;  Figure  5d). 


a)  *>)  c)  d)  e) 


Figure  3:  Pathogenesis  Assay  of  C.  gloeosporioides  on  Various  Leaves  a)  Apple  b)  Guava  c)  Kiwi  d)  Mango  e)  Peach 


a)  b)  c)  d) 

Figure  4:  Pathogenesis  Assay  of  C.  gloeosporioides  on  various  Fruit  Pieces  a)  Apple  b)  Banana  c)  Orange  d)  Guava 


a)  b)  c)  d) 

Figure  5:  Pathogenesis  Assay  of  C.  gloeosporioides  on  Various  Fruit  Pieces  a)  Apple  b)  Banana  c)  Orange 

d)  Guava 
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DISCUSSIONS 

The  morphological  studies  of  C.  gloeosporioides  were  also  performed  earlier  by  many  researchers.  Similar  to  the 
present  investigation  Zivkovic  et  al.,  (2010)  performed  morphological  studies  on  different  isolates  of  C.  gloeosporioides  by 
inoculating  them  on  PDA  (Potato  dextrose  agar)  and  has  observed  variation  in  the  morphology  of  collected 
C.  gloeospotioides  which  was  also  observed  in  the  present  investigation.  The  length  and  width  of  100  conidia  were 
measured  and  conidial  shape  was  observed  under  light  and  scanning  microscope.  They  used  Slide  culture  technique  to 
produce  appressorium.  After  5 days,  the  shape  and  size  of  the  100  appressorium  formed  across  the  underside  of  the 
coverslip  were  examined  microscopically.  Morphological  characteristics  of  conidia  and  appressorium  of  tomato  isolates 
were  compared  with  reference  isolates  of  C.  acutatum  and  C.  gloeosporioides.  Grahovac  et  al.,  (2012)  studied  different 
isolates  of  C.  gloeosporioides  by  inoculating  them  on  PDA.  Morphological  study  was  done  with  various  parameters  such 
as  shape,  color,  margin  and  conidial  shape  observed  under  light  microscope.  We  have  only  used  PDA  for  morphological 
study  and  it  was  performed  on  the  basis  of  growth  rate,  colony  colour  and  sporulation.  Except  for  apple  isolate  from 
Shimla,  which  showed  very  slow  growth  and  sporulation  other  isolates  showed  similar  morphology  in  group  of  two 
(isolate  from  guava  was  similar  to  standard  isolate  and  isolate  from  kiwi  was  similar  to  mango  isolate). 

The  sporulation  study  of  C.  gloeosporioides  and  other  plant  pathogenic  fungi  using  various  media  and  effect  of 
environmental  factors  such  as  temperature,  light  and  pH  were  previously  reported.  V-8  juice  agar  and  Richard’s  agar  were 
found  to  be  best  media  for  growth  and  sporulation  of  C.  gloeosporioides , out  of  several  medias  tested  such  as:  potato 
dextrose  agar,  malt  extract  agar,  oat  meal  agar,  host  leaf  extract  agar,  corn  meal  agar,  potato  carrot  agar,  papaya  fruit  agar, 
V-8  juice  agar,  Richard’s  agar,  Czapek’s  agar,  Sabouraud’s  agar,  Elliott’s  agar,  Tochinal’s  agar,  Sach’s  agar  and  Brown’s 
agar  (Tasiwal  and  Benagi,  2009).  In  different  line,  we  have  found  that  oatmeal  agar  has  performed  best  for  sporulation  of 
C.  gloeosporioides  in  comparison  to  other  medias  tested  like  PDA,  malt  extract  agar  and  lima  bean  agar.  Our  results  were 
in  line  with  the  results  obtained  by  Mello  et  al.,  (2004),  they  have  also  found  that  Oat  media  was  best  media  for  sporulation 
of  C.  gloeosporioides  out  of  four  media  such  as:  PDA,  oat,  filtered  pepper  extract,  and  autoclaved  pepper  extract.  Higher 
sporulation  was  observed  when  incubation  was  done  in  constant  light  (Mello  et  al.,  2004).  Growth  and  sporulation  of 
C.  gloeosp  orioides  was  also  done  by  Soltani  et  al.,  (2014)  using  four  different  medias  such  as:  PCA  (potato  carrot  agar), 
PDA  (potato  dextrose  agar),  WA  (water  agar),  CLA  (carnation  leaf  agar)  and  also  studied  the  effect  of  light  and 
temperature  on  the  growth  and  sporulation.  It  has  been  observed  that  maximum  growth  was  observed  on  PDA,  PCA  at 
28°C  temperature  and  continuous  light  conditions.  Best  sporulation  was  observed  on  fabriano  paper  placed  on  PDA  media 
and  16/8  hrs  light/darkness  interval  (Soltani  et  al.,  2014).  Inclusion  of  carbon  source  (fructose/starch/  xyllose),  nitrogen 
source  (asparatic  acid/  potassium  nitrate)  and  pH  5-6.5  of  the  growth  media  was  also  found  to  be  the  best  for  growth  and 
sporulation  of  C.  gloeosporioides  (Kumara  and  Rawal,  2008;  Deshmukh  et  al.,  2012). 

Pathogenicity  assay  revealed  that  C.  gloeosporioides  standard  strain  (MTCC  No.  4618)  and  other  isolated  strains 
are  capable  of  inducing  symptoms  on  variety  of  fruits  and  their  detached  leaves  with  significant  differences  in  the  extent  of 
infection  obtained.  Gupta  et  al.,  (2010)  performed  Pathogenicity  tests  on  the  mango  seedlings  of  Desheri  under  greenhouse 
condition  using  25  C.  gloeosporioides  isolates.  Spore  suspension  was  inoculated  by  using  pin  prick  inoculation  technique. 
Three  replicates  were  used  for  each  isolates  of  C.  gloeosporioides.  During  assay,  the  temperature  was  maintained  from 
15  to  30°C.  At  the  end  it  was  observed  that  all  isolates  were  pathogenic  to  mango  and  caused  85  - 90%  mortality  in 
2-3  months  (Gupta  et  al.,  2010).  In  our  pathogenic  experiment,  it  was  observed  that  all  isolates  of  C.  gloeosporioides  are 
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pathogenic  and  disease  symptoms  were  observed  on  various  detached  leaves.  Talhinhas  et  al.,  (2005)  performed 
pathogenicity  test  of  C.  gloeosporioides  by  using  conidial  suspension  of  105  conidia-  cm-3  containing  1%  gelatin  to 
inoculate  strawberry  and  olive.  The  inoculated  fruits  were  incubated  in  100%  relative  humidity  at  room  temperature. 
Symptoms  were  observed  periodically.  The  pathogen  showed  necrotic  lesions  on  petioles,  stems  and  leaves  of  all 
inoculated  fruits  (Talhinhas  et  al.,  2005).  Hwang  et  al.,  (1995)  generated  random  mutants  of  C.  gloeosporioides  and 
assessed  their  pathogenicity  on  avocado  and  tomato.  During  infection  assay  each  fruit  was  inoculated  with  5 drops 
(2000  conidia  per  20pl  per  drop)  of  conidial  suspension  (Hwang  et  al.,  1995).  However,  we  have  used  10000  conidia 
(lOOOx  10  pi  droplet)  for  pathogenicity  assay  and  symptoms  were  observed  and  photograph  was  taken  after  1 1 days. 

It  was  concluded  from  this  study  that  C.  gloeosporioides  is  a major  pathogen  infecting  apple,  guava,  mango  and 
kiwi  in  Himachal  Pradesh  and  there  is  substantial  variation  amongst  C.  gloeosporioides  isolates.  These  C.  gloeosporioides 
isolates  are  also  capable  of  infecting  other  crops.  There  is  a need  to  conduct  more  comprehensive  survey  and  molecular 
basis  of  variability  amongst  C.  gloeosporioides  isolates  should  also  be  looked  into  thoroughly  in  future. 
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